
The retrieval state is 
specifically recruited 

for decisions 
in the memory task
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• Prior work suggest an overlap between domains of 
memory and attention (Long et al., 2018; Woodman et al., 2022)

• Working memory is at the interface between 
external attention (focus on sensory information in 
the environment) and internal attention (focus on 
stored information) (Chun et al., 2011) 

• Memory encoding and memory retrieval brain 
states may be linked with external and internal 
attention, respectively (Smith et al., 2022; Logan et al., 2021; 
Long, 2023)

Introduction Multivariate pattern analysis approach

Perception:
target 

detection

Memory:
change 

detection

+

Display Response
500 ms 1000 ms

+

Delay
2000 ms

+

++ +

Target 
detection

Change 
detection

+

Display Response
500 ms 1000 ms

+

Delay
2000 ms

+

++ +

Target 
detection

Change 
detection

Display: 1, 2, 4, or 6 squares
24 trials/block | 2 blocks/run | 12 runs 

63 functional electrodes | N = 39

L2 Logistic 
Regression Classifier

Features: 63 electrodes, 
46 frequenciesWorking memory task

Independent 
training dataset

“Encode”
NEW

“Retrieve”
OLD

Memory State 
Evidence

Encode

Test on all 
phases and tasks

L2 Logistic 
Regression Classifier

As set size increases, perception 
reaction time increases and 

memory accuracy decreases

Set size modulates task performance
Perception

** p < 0.01, *** p < 0.001

Memory brain states are modulated by 
working memory demands and load

Retrieval state is selectively engaged during the
delay phase of the memory task

Retrieval state evidence during the delay phase selectively 
tracks set size in the memory task 
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Memory state engagement varies as a function of task 
over time

Main effect of time and task, and a 
significant interaction between task and time
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Future directions
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• Explore how encoding and retrieval states are engaged 
during memory integration processes

• The demand to maintain information over a delay recruits the 
retrieval state (greater memory state evidence) and is further 
modulated by working memory load

• Memory brain states directly connect with the internal/external 
axis of attention via a working memory paradigm with and 
without memory demands
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